Abstract: This study was conducted for a period of 4 weeks to monitor and evaluate the process of bio-stimulation and natural recovery rates in terms of bacteria and fungi communities to diesel contaminated soils. In this study, laboratory experiments were conducted to measure pH, moisture content, Potassium (K), Phosphorous (P), Organic Nitrogen (ON), Organic Carbon (OC), Organic Matter (OM), fungi and bacteria cells before and after soils were intentionally contaminated with diesel. The results of this study showed that treatment level, K, P and pH have a positive effect on the number of bacterial cells whereas moisture content, sand and clay particles impact negatively. A correlation coefficient of R 2 = -0.93 was obtained between time and OC, OM, ON while OC, OM, ON and bacteria showed an R 2 = -0.58. Three conclusions can be drawn based on this study. One, by week 4, bacterial cells counts had doubled. Two, by week 4, bacterial counts numerically outnumbered fungal cells. Three, the increase in both bacterial and fungal cells was accompanied with a decrease in OM, OC and ON. This means that both bacterial and fungal cells had adapted by week 4.
INTRODUCTION
Pollution of the environment by metals, metalloids and organic contaminants is an intractable globe problem with cleanup costs running into billions of dollars using current engineering technologies [1] . The availability of alternative, cheap and effective technologies is significantly improving the prospects of cleaning up contaminated sites among which is bioremediation and phytoremediation [1] . The problems associated with contaminated sites now assume increasing prominence in many countries [2] .
Bioremediation is often less expensive than alternatives, can be done onsite and is environmentally benign [3] . Increasingly, biotechnology approaches to manage wastes from industrial, domestic and agricultural activities are needed. Advances in biotechnology have made bioremediation the most rapidly growing field of environmental restoration that can be exploited in cleaning up processes [4] . Accidental and deliberate crude or petroleum oil spills which have been and still continue to be a significant source of environmental pollution was the inspiration for this study because petroleum products contaminant poses a serious environmental problem due to contamination of air, water and soil and particularly soil contaminants typically alter plant metabolism, most commonly to reduce crop yields [5] .
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Reginald [6] suggested that it is essential for nutrient supplementation and watering to be carried out during bioremediation works, more attention should be given to an effective tillage and pulverization system which maximizes the diffusion of oxygen within the soil profile. Aboaba [7] proposed that the rehabilitation of agricultural land polluted with crude petroleum at any contaminated place could be facilitated by inoculation with a selected culture of Pseudomonas putida. Okoh [8] postulated that the quest for a cheap source of energy coupled with the extensive rate of industrialization expands the frontiers of petroleum hydrocarbon exploration with its attendant negative consequence being the pollution of the environment. Several remediation alternatives have been in use for the restoration of polluted systems. Chikere [9] concluded that the soils may habour hydrocarbon degraders that have been exposed to hydrocarbons as a result of the increased multifarious activities of the oil industry.
Uganda has of recent discovered significant petroleum deposits in the western south part of the country. This discovery adds impetus to the relevance of this study. The aim of this study conducted for a period of 4 weeks was to monitor and evaluate the process of bio-stimulation and natural recovery rates in terms of bacteria and fungi communities to diesel contaminated soils.
MATERIALS AND METHODS

Study Area
The study area was Makerere University Agricultural Research Institute Kababyolo (MUARIK) where the experimental units were set and intentionally contaminated with diesel. MUARIK is located 19 km North of Kampala City, Uganda. The mean annual rainfall at MUARIK is 1160 mm distributed bimodal (March to June: September to November). The mean monthly temperature is 24.5 o C. The institute is located at 0 0 28 1 N and 32 0 37 1 .
Experimental Setup and Treatments
The experimental plots of 0.5 m 0.5 m were setup in the field. An area of 4.5 m 5.5 m was allocated and measured off on ground using a tape measure. In a further step, 0.5 m 0.5 m experimental plots and 0.75 m 0.75 m plots were measured as pegs were driven into the ground using a hammer to separate the measured plots on ground and those to be excavated. The string was used to provide a guidance of straight lines. The 0.75 m 0.75 m plots were excavated to a depth of 1 m using a hoe so as to supply oxygen to the microorganism. To each experimental plot, it was surrounded by four holes. Prior to the fertilizer application, 500 cm 3 (i.e. 0.5 L) of diesel was sprinkled upon the earth in each of the cells including the control cell from a perforated can at the rate of 0.5 L of diesel per 0.25m 2 of soil hence the surface of the earth in each cell was completely covered with a thin layer of diesel. The objective was to simulate diesel spill. The cells were left undisturbed in the open air for three days. The NPK fertiliser treatments applied were T 0 = 0 ton/ha, T 1 = 60 ton/ha, T 2 = 100 ton/ha, T 3 = 140 ton/ha. Three replications were performed. The levels were calculated basing on the factors affecting bio-remediation [10] and the simulated major spill condition. NPK was used as suggested by [8] and also being major microorganisms' requirements for bioremediation as per [10] . Fig. (1) depicts the experimental set-up.
Sample Collection and Soil Analysis
Soil samples were taken from a depth of 0-20 cm using a hand tool. In each treatment cell at least ten random spots were excavated, bulked together and put in well labeled polyethylene bags and immediately transferred to the laboratory for analysis. Soil physicochemical properties such as potassium, phosphorous, organic carbon, pH, soil moisture, percentage of sand, silt and clay were monitored and measured. In addition, microbial counts of specifically, bacteria and fungi cells were measured during a period of 4 weeks. Particle-size analyses were obtained by the Bouyoucous hydrometer method, as modified by Day [11] . Organic carbon content was determined as per [12] . The organic nitrogen and moisture contents as well as the soil's pH value and were determined using methods adapted from [12] [13] [14] [15] . The microbial analyses and bacterial counts were carried out following the procedure described by Harrigan and McCane [16] and Buchanan and Gibbons [17] . The obtained data was analyzed using descriptive statistics in Microsoft Excel. Data showed a normal distribution .The Coefficient of correlation R 2 was used to correlate the measured data during the bioremediation process [18] .
Optimization Criterion
The criterion to be maximized is the R-squared (R 2 ) value, which is often expressed in percent as shown in Equations (1) . The values obtained from this criterion in this work reflect the percentage of output variation explained by the model. With y(t) the measured output at discrete time t and y h (t) the model output at discrete time t. Both performance indexes are used to evaluate the adequacy of the model.
RESULTS AND DISCUSSION
The results depicted in Fig. (2) show that the addition of diesel to the soil increased the soil pH. The lowest and highest values being 5.40±0.017 and 5.73±0.057 for 100 ton NPK/ha and 0 ton NPK/ha at week zero and week 4, respectively. This increase in soil pH may be attributed to the accumulation of exchangeable bases (ca2+, K+, Mg2+, Na+) in the diesel contaminated soils. This finding is consistent with what is reported in literature namely, Benka Coker and Ekundayo [19] and Ekundayo and Obuekwe [20] .
In Fig. (3) , the lowest moisture of 13.87±0.64% was measured in the soil for the 60 ton NPK/ha treatment level while the highest was 24.30±0.68 for 140 ton NPK/ha treatment. The increase in week 2 and week 4 could be attributed raining during the study period. Rowell [21] reported that in heavily polluted soils, water droplets adhere to the hydrophobic layer and this prevents the wetting of the soil aggregates.
As depicted in Fig. (4) , potassium ranged from 312±9.93 to 1372±308.65. The increase in K concentration was due to Fig. (1) . A scheme of experimental units. NPK application in week 2. It is interesting to note that in week 4, K concentration dropped. This could be attributed to the fact that bacteria and fungi cells used K for growth, maintenance and energy.
In Fig. (5) , phosphorous ranged from 52.65±3.65 to 63.60±2.80. Utilization of P followed similar partners as K in Fig. (4) . This finding in conformity with literature published by Katherine and Alan [22] and Isirimah [23] who noted that increasing pH increases weathering and mineralization rate. In a related study, Siddiqui and Adams [24] recorded increased P with increasing concentrations of diesel hydrocarbons for a definite period before registering a decline. It can be seen in Figure 6 that generally bacterial cells adapted to the diesel contaminated soils. The bacterial cells ranged from 1.83 10 6 ±1.37 10 6 to 6.30 10 6 ±1. 23 10 6 cells/g. The correlation analysis, between the bacteria and remediation period, treatment levels, fungi and (Organic matter, carbon nitrogen) showed the relationships of R 2 = +0.58, R 2 = +0.40, R 2 = +0.06 and (R 2 = -0.58) at a 5% probability level, respectively.
A comparison of results in Figure 6 to those in Fig. (7) shows that few counts were obtained with fungal cells. The correlation obtained between time and fungi was R 2 = +0.24.
The results shown in Figs. (8) (9) (10) indicate that there was decrease in percent of available OM, ON and OC from week 0 to week 4. This is observation can be discussed in light with the results in Figs. (6 and 7) . It can be noted that bacterial and fungal cells increased in number from week 0 to week 4 by utilizing these organic sources. However, BenkaCoker and Ekundayo [19] noted an increase in OC content of oil polluted soils in southern Nigeria.
CONCLUSIONS
Based on this study the following concluding remarks can be extracted: 
